One-hundred-and-four isolates of yeast were collected from the vaginas of !I7 outpatients. The isolates were identified by their characteristics in a carbohydrate assimilation test, a serological test and from their morphology.
Introduction
Epidemiological studies of Candida infection require the precise identification of individual isolates and clarification of strain delineation (Merz, 1990) . The methods used are based on phenotypic biotyping schemes, resistograms, killer types, and mitochondria1 and chromosomal DNA restriction endonuclease polymorphisms. These do not permit very specific strain delineation. Recently, a wide variety of D N A polymorphisms has been shown in restriction fragments of repeated DNA sequences (Fox et al., 1989; Scherer & Stevens, 1987; Sol1 et al., 1989) and in the chromosomalsized DN As separated by pulsed-field gel electrophoresis (PFGE) (Kaufmann & Merz, 1989 ; Mahrous et al., 1990 ; Merz et al., 1988; Monod et al., 1990) . These polymorphisms have made it possible to distinguish strains efficiently.
C. albicans is one of the organisms in which karyotypes analysed by PFGE have been most studied (Scherer & Abbreviation : PFGE, pulsed-field gel electrophoresis.
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O 1991 SGM . It is considered to be a diploid organism with a haploid number of eight as determined from karyotype analysis and hybridization experiments (Lasker et al., 1989; Magee et al., 1988; Iwaguchi et al., 1990) . Recently, we demonstrated that individual D N A probes usually hybridized to one or two chromosome bands and could be used to identify homologous chromosomes with variable positions in electrophoretic karyotypes (Iwaguchi et al., 1990) . With the exception of the probe MGLl, when two bands were detected by one probe, the size of one of them was highly conserved whilst the size of the other was fairly variable. It is inferred that the karyotype polymorphism among strains derived mainly from wide size heterogeneity in one of the homologous chromosomes. The chromosomes which hybridized to probe MGLl were much more variable in size and are here called the variable chromosomes. These results from our previous study (Iwaguchi et al., 1990) were obtained by analysing stock strains subcultured in the laboratory for a long period. In order to assess whether karyotype analysis is a practically useful method for strain delineation and clinical application, it is Isolation of yeasts from the vagina. The 104 isolates of yeast were collected from 97 outpatients of the Department of Obstetrics and Gynaecology, Chita City Hospital, Japan, between November 1988 and June 1989. Samples were obtained with sterile cotton swabs and streaked onto Sabouraud glucose agar plates containing 0.1 mg chloramphenicol ml-I. The plates were incubated at 37 "C for 2 d. The colonies which appeared were restreaked on YPD agar plates and the strain was given a TCH number.
Identification of isolated yeasts. Colonies (at least two) of each isolate were observed by microscopy to confirm yeast morphology; their electrophoretic karyotypes were then analysed (see below). Each isolate was tested for assimilation of 19 carbohydrates using a commercial kit, the API 20c aux (API Systems) (Buesching et al., 1979) . A seven-digit profile number based on the assimilation reactions and hyphal formation was determined according to the instructions provided by the manufacturer. The number was matched to the profile index of species provided by the manufacturer.
In addition, each isolate was tested for antigenic type using a commercial kit, Candida Check (Iatron Laboratories, Japan) (Shinoda et al., 1981) . This system is designed to identify eight medically important species of Candida according to their agglutination reactions with the ten-factor sera.
Extracellular proteinase assay.
Isolates were grown in YPD broth at 37 "C. Stationary-phase cultures were inoculated into Y NB/BSA medium at 1/100 dilution. After 48 h, the cells were sedimented by centrifugation and 0.1 ml of the supernatant or YNB/BSA medium (as a control) was mixed with 1 ml citrate buffer (pH 3.6) containing 1 % (w/v) BSA. The mixture was incubated for 40 min at 37 "C. To stop the reaction, 1 ml of 0.44 M-TCA was added. After 10min at room temperature, the mixture was centrifuged for 5 min at 3000 r.p.m. The absorbance of the supernatant at 280 nm was measured.
Preparation of yeast chromosomal DNA. Yeast chromosomal DNA for PFGE was prepared as described previously (Iwaguchi et al., 1990) .
Pulsed-jield gel electrophoresis (PFGE).
The yeast chromosomal DNA was separated by contour-clamped homogeneous electric field (CHEF) electrophoresis which was carried out with the Pulsaphor system using a hexagonal electrode array (Pharmacia-LKB) or the CHEF-DRII system (Bio-Rad Laboratories) as described previously (Iwaguchi et al., 1990) .
Southern hybridization. Southern hybridization was performed using probe MGLl and an rDNA probe as described previously (Iwaguchi et al., 1990) . The rDNA probe was prepared from plasmid pAT68, containing rDNA of Zygosaccharomyces bailli which strongly hybridizes to C . albicans DNA (Sugihara etal., 1986) . The MGLl probe was prepared as described previously (Iwaguchi et al., 1990) .
Results

Characterization of yeasts from the vagina
Isolated yeasts were identified by a carbohydrate assimilation test, a serological test and a morphology test. Characteristics of the isolates are listed in Table 1 .
C . albicans comprised 75% (78 isolates) of the total isolates. Sixty-nine isolates of C . albicans had an API index of 2576174 which corresponds to a 'very good' (99.7 %) identification accuracy. Although strains with the indexes 2144174, 61721 14 and 2542034 were not correlated with a species according to the manufacturer's index, they were assigned to C . albicans on the basis of the results from (i) a serological test (Table I) , (ii) electrophoretic karyotype analysis (see below) and (iii) a hybridization test with the C . albicans-specific probes LYS2, BEN1 (=BENr) and MGLl, which have been characterized previously (Iwaguchi et al., 1990) . The hybridization signals from these probes were as strong from the isolate DNAs as they were from the DNA of C . albicans standard strain FC18 (data not shown). on hyphal formation using a commercial kit (API 20c aux). The serological test was performed with a commercial kit (Candida Check). D means that the species was defined by this test; ND, Not defined. The number of strains with serotypes A and B, which were defined in C. albicans, is shown in parenthesis.
$Extracellular proteinase activity required for growth in YNB/BSA medium was determined and the proteinase was detected on an SDS-PAGE gel (not shown). NT, Not tested.
Twenty-one isolates were identified as C. glabrata. All had the API index 2000040. One isolate had an API index of 6000104, suggesting it was C . krusei or C. lipolytica ; serological testing supported the former identification. One isolate was confirmed as C. parapsilosis, based on the API index and its serological profile. One isolate each of S . cereuisiae, Rhodotorula rubra and Cryptococcus uniguttulatus were assigned on the basis of the API index alone.
Extracellular proteinase activity of C. albicans and C. glabrata isolates was detected by their ability to grow in YNB/BSA broth, which contains BSA as sole nitrogen source. None of the C. glabrata isolates grew in this broth. All but one of the C. albicans isolates grew, though proteinase activities of their cultures (data not shown) were variable, and some of them were very low.
Electrophoretic karyotypes of C . albicans
The electrophoretic karyotypes of the 78 C. albicans isolates were compared with that of a standard strain (FC18) under conditions (Fig la) in which their chromosomes were well separated over the entire size range in a single gel, and also under conditions (Fig. 1 b) in which chromosomes smaller than 2.0 Mb were better separated. The karyotypes of many isolates were similar to that of FC18, whose chromosome sizes have been calibrated as 2.86, 2-66, 2.20, 1.90, 1.70, 1.36, 1-18 and 1.08 Mb. These chromosomal bands each represent different chromosomal DNA molecules except the largest band (2.86 Mb), which is a mixed band containing both homologues of one chromosome as well as one homologue of the second largest (2.66 Mb) chromosome (Iwaguchi et al., 1990) . The sizes and numbers of the chromosome bands resolved under the former conditions (Fig 1 a) ranged from 0.3 to 3.0 Mb and from 6 to 13 bands. There were 6 bands in one isolate, 7 bands in 13 isolates, 8 bands in 25 isolates, 9 bands in 19 isolates, 10 bands in 10 isolates, 11 bands in two isolates, 12 bands in two isolates and 13 bands in six isolates. The isolates with 8 bands, whose molecular sizes ranged from 1.0 to 2.8 Mb, were the most frequently detected. The same or similar-sized 7 bands (excluding the 2-66 Mb band), which we call the 7 common bands, were usually present in most isolates. The 2.66 Mb band and 2-86 Mb band of FC18 were identified by probe MGLl as containing homologues of chromosome 2 ; chromosome bands identified by probe MGLl were very variable in size among stock strains (Iwaguchi et al., 1990) and we call these the variable bands. We found that an rDNA probe hybridized to the same chromosome bands as those which hybridized to probe MGLl (data not shown), and so the variable bands in the isolates described here were characterized using the rDNA probe (Fig. 2, lanes 1-8) .
The karyotype variation was rather continuous, but almost all karyotypes of the isolates were distinguishable from each other when the band mobilities were carefully compared under the conditions of Fig. 1 (a) and Fig. 1 (b) , even without taking into account the variable bands (see Discussion).
The karyotypes of strains with API indexes of 
2576174,2144174
and 61721 14 were all rather similar to that of FCl8. On the other hand, the seven isolates (from six patients) with the API index 2542034 had karyotypes that were very different from FC18 but were similar to one another (Fig. 3) . Their chromosomal DNAs were resolved into 12 or 13 bands. The 7 common bands were present in these isolates together with 5 or 6 additional bands.
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Electrophoretic karyotypes of C. glabrata
The 21 isolates of C. glabrata were analysed (Fig. 4a) using the same conditions as in Fig. 1 (a) , and chromosomes smaller than 1.2 Mb were analysed using different conditions (Fig. 4b) . Their chromosomal DNAs were resolved into 6-12 bands in the size range 0.42-2.4 Mb under the conditions of Fig. 4(b) . One or two bands larger than 1.4 Mb were very v.?riable in size among the isolates. The variable bands also hybridized to the rDNA probe (Fig. 2 , lanes 9-16) that hybridizes to the variable bands of C. albicans. The band patterns in the size range less than 1.4 Mb were similar among the isolates but at least a few bands were different in each karyotype. Therefore, as with C. albicans, we could distinguish C. glabrata strains by their karyotypes.
Electrophoretic karyotypes of the other yeasts
The isolates of C. krusei, C. parapsilosis, S. cereuisiae, R . rubra and Cr. uniguttulatus were also analysed by PFGE (data not shown). The isolates of C. krusei, C. parapsilosis and S . cerevisiae gave karyotypes similar to those previously reported for these species (Suzuki et al., 1988) . DNA bands were not detected in R. rubra and Cr. uniguttulatus, presumably because the DNA preparation method we used was not suitable for these species.
Electrophoretic karyotypes of yeast 2535 
Electrophoretic karyotypes of recurrently isolated yeasts.
The karyotypes of isolates which were recovered from seven individual patients (Pl-P7) after intervals of 1-6 months were compared (Fig. 5) . The patients were treated with clotrimazole (Empecid tablets and cream, Bayer) after the first isolation. C. albicans and C . glabrata were isolated from five and two patients, respectively. The same species were isolated both times. The karyotypes of both isolates from each patient were almost identical except for 1 or 2 bands. The non- ----
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P6
P7
--- Arrows at the left of each lane indicate the bands which hybridized to rDNA. TCHll7 (lane 5) was not tested for hybridization. The TCH strains were isolated from seven patients (Pl-P7). The interval between isolations was 5 months for P1 , 5 months for P2,2 months for P3,2 months for P4,6 months for PS, 2 months for P6 and 1 month for P7.
identical bands of the C. albicans isolates were confirmed as variable bands by the rDNA probe (Fig. 5 ) (see Discussion). In P5, the 1-12 Mb band (the third band from the bottom; Fig. 5, lane 9) detected in the first isolate appeared to be split into two bands in the second isolate. They did not hybridize to the rDNA probe. In the other C. glabrata isolates, the non-identical bands larger than 1.4 Mb hybridized to the rDNA probe and so corresponded to the variable bands.
Discussion
We could distinguish only five types among the isolates of C. albicans and only one type of C. glabrata by a combination of API index profiles and serotypes. Within the five types of C. albicans, the isolates might be further distinguishable by c hlam ydospore format ion, colony morphology, germ tube formation and extracellular proteinase activity. However, it is difficult to get consistent results because these phenotypes are very dependent on physiological conditions and are difficult to judge objectively. In contrast, the karyotypes of the C. albicans and C. glabrata isolates shared no identical patterns, and thus individual isolates of either species could be distinguished by PFGE karyotypes on well separated gels even without taking into account the variable bands (see below). Though the resolution was less than that shown here and the variable bands were not observed, similar studies have been carried out previously in these species and 17 isolates of C. albicans and 33 isolates of C. glabrata were found to give 14 and 22 karyotype patterns respectively (Kaufmann & Merz, 1989; Merz et al., 1988) . From the present study and from our previous study (Iwaguchi et al., 1990) , the variability of the karyotypes appears continuous and it is very difficult to classify the karyotype patterns. In C. albicans, chromosomal DNA band patterns of the isolates described here were similar to that of the standard strain FC 18 and the inter-isolate variations were smaller than those of our laboratory strains analysed previously (Iwaguchi et al., 1990) . The fresh isolates of this study were recovered from one hospital and from vaginas only. This very limited collection may explain the homogeneous genomic background. However, the possibility that the chromosomal DNAs of our laboratory strains have rearranged during maintenance is also quite possible.
We found a subgroup of seven isolates of C . albicans with a consistent API index (2542034) and karyotype. The karyotype was rather similar to that of type I C. stellatoidea, a subspecies of C. albicans (KwongChung et al., 1989; Rikkerink et al., 1990; Wickes et al., 1991) , but sucrose assimilation was positive (API test) in our isolates, suggesting that our isolates are not C. stellatoidea. Furthermore, proteinase activity in the culture medium of five of these seven isolates was about 2-fold higher than the highest activity of the other C. albicans isolates (data not shown). Chlamydospores were not observed in any of these seven strains grown on cornmeal/Tween 80 plates and their serotype was classified as B. In spite of their remarkable features, the clinical symptoms they caused could not be distinguished from those caused by the other C. albicans isolates. The karyotype differences between these isolates is inferred to be generated by an extensive genomic reorganization (Iwaguchi et al., 1990) . Their phenotypic changes, such as high proteinase activity, may be advantageous for survival, and might contribute to their proliferation in the vagina. We aim to investigate the karyotypes of isolates from different sites in the body. It might also be interesting to examine whether this type of strain is found only in the geographical area around Chita, Japan.
Distinct electrophoretic karyotypes were not associated with isolates with the API index 2144174, 6172114 and 2576174, although an atypical karyotype was correlated with an API index of 2542034 as described above. This means that the API index does not always correlate with karyotype. Similarly, no general correlation was found between the karyotype and clinical symptoms, activity of extracellular proteinase, colony morphology or serotypes in this or in our previous study (Iwaguchi et al., 1990 ). Phenotypes and karyotypes need not be directly correlated but karyotype changes can provide genetic variation and may thereby lead to phenotypic changes. In this regard, association of karyotype changes and colony morphology has been studied extensively (Rustchenko-Bulgac et al., 1990; Suzuki et al., 1989).
In C. glabrata, the chromosome number has not been determined although an estimation was reported on the basis of an electrophoretic karyotype analysis (Kaufman & Merz, 1989) . Hybridization studies are necessary to clarify the chromosome organization of this species. At this time, probe DNAs specific for C. glabrata are not available but probes of a tubulin gene, an actin gene and an rDNA gene hybridized are all known to the DNA of C. glabrata (Mason et al., 1987; Iwaguchi et al., 1990; Magee et al., 1988) . In the present study, one or two bands larger than 1.4 Mb were very variable among the isolates of C. glabrata and these variable bands hybridized to the rDNA probe. The rDNA gene sequence is usually highly repeated in a single region and DNA rearrangements occur at high frequency in this region (Szostak & Wu, 1980) ; such rearrangements may be responsible for the change in chromosome size for both C. albicans and C. glabrata.
The karyotypes of isolates o f C. albicans and C. glabrata taken from the same individuals after intervals of 1-6 months were almost identical except for one or two bands for both C. albicans and C. glabrata. In all cases except that of one band of the isolate from P5 (Fig. 5) , these nonidentical bands were shown to be the variable bands defined as those hybridizing to the rDNA probe. Thus, these nonidentical bands might be derived from high-frequency rearrangement of the chromosome during the time between isolations. We have found that the clonal variation in size of the variable bands occurs at a frequency as high as about 10% of the progeny clones (unpublished). Both isolates from the same person are presumed to be the same strain because their karyotypes were almost always exactly the same, except for the nonidentical bands. We conclude that the strains from individual patients do not change, at least over short periods. A similar conclusion in recurrent vaginal infection by C. albicans has been reached using Southern blot hybridization patterns with a mid-repeat sequence (Sol1 et al., 1989) .
In conclusion, all strains from different individuals could be distinguished one from another by their karyotypes, which were well separated under suitable conditions, and karyotypes seem not to change, at least over short periods, except for the variable chromosome bands. These results suggest that karyotyping permits very precise identification of different strains providing the variable bands are ignored. We think this will be a powerful tool in epidemiological studies for determining the origins of various Candida strains.
